ABSTRACT
INTRODUCTION
Natural clinoptilolites (CPT) are characterized by high selectivity for a number of ions, including Sr 2+ , and are used in purification of the natural surface and ground waters from the radioactive and stable Sr 2+ [1] [2] [3] . In recent years, many papers were published, showing that the natural zeolitesclinoptilolite-containing tuffs can be used in natural conditions as a permeable reactive barrier (PRB) [4] [5] [6] [7] [8] . The scale of ion-exchange processes taking place in geochemical barriers and at variety of the environmental conditions (ground water concentration, contact time of CPT with solution, etc.) determine the necessity of their mathematical modeling. Hypothetically, the ion exchange process on CPT is described by 2 kinetic stages -relatively fast stage and slower one [9] . Therefore, it is necessary to investigate all ion-exchange kinetic stages in detail. Earlier we proposed a mathematical model of sorption dynamics, which takes into account both kinetic stages and makes possible to determine the corresponding coefficients [10, 11] However, the dynamic experiments permit to obtain the effective kinetic coefficients only. Therefore in the present study the kinetic experiments were carried out in accordance with known method of the "thin layer" [12] . Such experiments with dilute solutions, which composition is similar to the composition of surface drinking water, clarify the character of the kinetic dependences of the sorption process and the contribution of each kinetic stage to the process.
Earlier we have studied Sr 2+ sorption kinetics on Na-CPT (Khonguruu deposit, Russia) from the surface drinking water (C Sr 2+ = 0.18-0.20 mg/L) using the "thin layer" method [13] . The experiment duration was more than 7 monthes. It was noticed, that the first stage of ion-exchange process is described by the particle diffusion kinetics, then ion-exchange process slows down, and by that moment only 30% of Sr 2+ equilibrium capacity was realized. The aim of this study was to carry on (or prolong) detailed investigation of the Sr 2+ sorption kinetics from surface drinking water containing increased Sr 2+ concentration (C Sr 2+ = 3 mg/L), using NH + 4 -forms of CPT from three different depositsKhonguruu and Kholinskoye (Russia) and Beli Plast (Bulgaria) as a basis for further mathematical modeling of the dynamic process. 4 + -form CPT -2 g of CPT was submerged in 250 ml of 1N NH 4 Cl. The mixture was heated for 2-3 hours in water bath, and then shaken for 5 hr on Shuttel apparatus. Then, the NH 4 Cl solution was decanted from the tuffs and the sample was again placed in 250 ml of 1N NH 4 Cl. This procedure was repeated three times. The tuff was filtered on regular filter paper, rinsed with 500 ml distilled water to remove excess salts, and dried to a constant weight at 100-105 o C [14] .
MATERIALS AND METHODS

-The obtaining NH
-The chemical composition of initial clinoptilolite-containing tuffs and theirs NH 4 + forms was determined by X-ray fluorescence spectrometer Axios Advanced PANanalytical, the Netherlands. These data are presented in Table 1 . -The total cation-exchange capacity (TCEC) of the tuffs was calculated as a difference in Na, K, Ca, and Mg ions content in the natural and the NH 4 -form of CPT and is presented in Table 2 . The kinetic experiments were carried out in a column with diameter of 5 cm and height of 10 cm, divided on two sections by a mesh (Fig. 2) . CPT content in each section was 1.5 g. The water was passed through the column from bottom to top. The filtration flow rate of the solution was 1500-1800 ml/min (~1.5 cm/s). The sorbent was "fluidized" that provided a constant concentration of ions at the surface of CPT grains. The solution was supplied at a constant flow rate with short interruption for 3-5 min for sample collection (0.1-0.15 g of wet CPT) for analysis. The interval between interruptions was 2 hours at beginning of the experiment, then interval was gradually increased to 4, 8, 12, 24 hours and so on. The selected samples of CPT were washed with distilled water, dried 1-1.5 hour at 110 o and then analyzed. The chemical composition of CPT portions taken from the kinetic experiments was determined by X-ray fluorescence spectrometer Axios Advanced PANanalytical, the Netherlands. 
ion-exchange isotherms for CPT's Kholinskoye (-•-•-), Khonguruu (■--■) and Beli Plast (▲-▲) from surface drinking water.
Figure 2 -Experimental scheme of "kinetics in thin layer". 1, 2 -the tanks; 3 -the column; 4 -pump.
The tank capacity is 120 L. The studied solution volume is 90 L.
RESULTS AND DISCUSSION
The obtained Sr 2+ ion-exchange isotherms are presented on the Fig. 1 . As shown in Figure 1 Figure 3 , the initial stage of Sr 2+ kinetic dependence (from experiment beginning to time of t=5-6 •10 4 s) is described by the particle diffusion law for all three CPT. The Sr 2+ particle diffusion coefficients of the studied CPT (D Sr 2+ ) were calculated by fitting experimental and theoretical kinetic dependences [12, 14] . , respectively, i.e. Kholinskoye CPT is characterized the highest value of the particle diffusion coefficient compared to others investigated CLT. Presumably this is due to smaller size of the Kholinskoye crystallite. For CPT from Kholinskoye deposit ( Figure 4 ) the kinetic experimental data confirm that the process of strontium sorption reaches the equilibrium after 23-25 contact days of CPT with the studied solution, because even after 70 days of "rest" (the solution filtering is interrupted), the subsequent re-start of the sorption process in the course of 32 days doesn't shows any significant change in the Sr-sorption. As shown from Fig. 5 , after 23 contact days of CPT from Beli Plast deposit with solution and 14 days of "rest" and the subsequent re-start of the solution filtration in the course of 4 days we observed a small increase in the Sr-sorption again. As shown from Figure 6 , the ion-exchange kinetics for Khonguruu CPT is much slower; however we observed the increase in the Srsorption after a plateau also. Possible explanations for the above specificities and differences in the sorption behavior of the studied CPT may be found in the different crystallite sizes, structural defects and so on, which we intend to clarify later. 
-CPT's of different deposits from the surface drinking water (method "thin layer"). Khonguruu (■--■), Beli Plast (-▲-▲-), Kholinskoye deposit (-•-•-).
CONCLUSION
The kinetics of Sr 2+ ion-exchange process on CPT of different deposits from surface drinking water was investigated in detail. It was shown, that the kinetic process on CPT includes 3 stages: a) the first stage -the particle diffusion process described by the particle diffusion coefficient, b) the second stage-the sorption process is slowing down and is described by the fitting kinetic coefficient [14] , and c) the third stage -secondary increase of Sr 2+ sorption, which ends after reaching true equilibrium.
The particle diffusion coefficients of Sr 2+ describing the first stage of the sorption process on CPT of different deposits were calculated. The obtained data are the initial data for the development of the final mathematical model of the dynamic ion-exchange process on NH 4 + -form of CLT from diluted solutions that makes possible to generate the appropriate computer program and then to calculate the break-through curves of Sr 2+ -sorption for different dynamic conditions.
